The main objective of this paper is to develop a novel technology for combined generation of electricity and cold by using energy potential of transmission line's high pressure gas. For this purpose, the reduction of high pressure of the gas in gas distribution station instead of useless expansion throttling process is suggested to realize by adiabatic expansion, which is executed in a gas expanding turbine. Herewith, the gas distribution station is turned into energy and cold generating plant. Simultaneous operation of energy and cold generating plant is described. A method and appropriate formulas for determination of design characteristics of considered plant are suggested. А new method for reveres order of calculation and design of the cold store based on the use of expanded cold gas as cooling agent is developed. Calculations and analysis prove high energy efficiency of suggested technology, the wide use of which will provide significant production of cheap electricity and cold and as well as reduction of fossil fuel consumption.
Introduction


At the end of main supply pipelines of gas transporting systems, the gas still possesses rather high pressure reaching up to 2,000 kPa. However, such a high pressure of the gas needs to be reduced to 300 kPa before gas distribution by low or medium pressure networks of towns. Usually in gas distribution stations, the gas pressure is reduced mainly by throttling processes in throttling valves. Nevertheless, the throttling of the gas eliminates its energy residual potential, while it could be converted into useful electricity or cold, the use of which will provide rather large public benefit, and as well as keeping the environment free of greenhouse gases emissions. To realize such a goal, an attempt has been done to develop a novel technology serving for
Analysis of Energy Generating Gas Expansion Thermodynamic Processes
In gas distribution stations for reducing the pressure of the gas, traditionally isenthalpic thermodynamic process of throttling is being used. The state of natural gas in underground gas transporting pipeline, just before throttling, is characterized by pressure P 1 = 2,000 kPa and by temperature of the ground, assumed t 1 = 10 °C. The state of the gas with mentioned parameters is represented by the point "1" on enthalpy-pressure (i-logP) diagram of natural gas (methane) [1] which is given in Fig. 1 .
In the diagram the isenthalpic throttling expansion process from initial pressure P 1 = 2,000 kPa to final low pressure P 1'tr = 300 kPa is represented by the line "1-1'tr". In this process, the gas is cooled from t 1 = 10 °C to t 1'tr = 0 °C. The power N (kW), in (
where, G g.spp -mass flow rate of gas in gas expanding equipment (kg/s); i-difference of initial and final specific enthalpies of gas (kJ/kg). As isenthalpic throttling process takes place without change of enthalpy, no work is executed.
Developing of Gas Distribution Modified Station for Combined Generation of Electricity and Cooled Gas
Eq. (1) allows concluding that, gas distribution stations can perform as rather big sources of energy, if they are furnished with gas adiabatic expansion equipment. For this purpose, it is suggested to replace the throttling valve of conventional gas distribution station by turbo-expander. In this case, the high pressure transmission pipeline gas with initial enthalpy i 1 = 860 kJ/kg is expanded adiabatically from 2,000 kPa to 300 kPa and rotates the wheel of turbo-expander. On the driving shaft of turbo-expander, an electric generator is mounted which converts the energy of rotation into electricity. As can be seen from Fig. 1 , due to adiabatic expansion, the gas at the outlet of turbo-expander gets temperature -110 °C and enthalpy i 1' = 660 kJ/kg. Supplying of such a cold gas into distribution network is not allowed [3, 4] . For this reason, before expansion in turbo-expander, it is becoming necessary to heat the gas from +10 °C to an appropriate temperature. After expansion, the gas of lower pressure is supplied into gas distribution network or into heat exchanger of the cold store, where is used as cooling agent. The cold store is built in proximity of the gas distribution station, where cold gas is used for cooling the stored food, for instance Enthalpy (kJ/kg) Pressure (kPa)
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Potential of Transmission Line's High Pressure Gas 854 meat. In such cold store, the inside temperature should be kept at -18 °C to -20 °C [5] . However, the expanded gas at the outlet of turbo-expander gets much lower temperature, than -18 °C. For avoiding freezing of stored goods, the temperature of gas at the outlet of turbo-expander should be approximately -25 °C. From Fig. 1 , it is clear that for obtaining -25 °C final temperature at the outlet of turbo-expander, the initial temperature of the gas at the inlet should be t 6 = 105 °C (see processes 6-6', Fig. 1 ). However, temperature of the high pressure gas in underground transmission main pipeline is +10 °C. Therefore, for providing -25 °C, final temperature the main pipeline gas, before entering into turbo-expander, should be preheated from 10 °C to 105 °C in a gas heater.
Structure of Gas Distribution Station of Energy and Cooled Gas Generation, Equipped with a Preheater
The scheme of gas distribution station with combined production of electricity and cooled gas, equipped with gas heater is given in Fig. 2 .
Preheating of the gas can be accomplished in a simple apparatus, the sketch of which is given in Fig. 3 .
In fact, the suggested gas heater is a sealed furnace with round masonry made of fire resistant brick. In the bottom of fire chamber, which is covered with steel sheet, the gas burner is adjusted. The burner of fuel gas is connected with fuel gas pipe. From gas transporting main pipeline, the gas with temperature 10 °C passes to the annulus gap between fire chamber and brick vertical cylinder where is heated up to 105 °C. The flue gases are extracted outside through the chimney. Heated gas enters into turbo-expander where is expanded adiabatically and is cooled. The quantity of fuel B f.gas (m 3 /h), consumed for preheating of high pressure gas is determined by the following ratio: Fig. 2 Scheme of gas distribution station of electricity and cooled gas combined generation. 1-gas distribution station house, 2-gas transportation main pipeline, 3-manometer, 4-gas flow controlling valve, 5-oil strainer, 6-gas flow meter, 7-turbo-expander, 8-electric generator, 9-medium pressure gas pipeline, 10-gas odorizer, 11-odorized gas supply tube to gas distribution network, 12-gas pressure automatic controller, 13-manometer, 14-by-passing valve, 15-heater of high pressure gas, 16-fuel gas pipe, 17-valves.
Fig. 3 Sketch of gas heater.
1-insulated cylinder made of fire-resistant brick, 2-fire chamber with heating steel surface, 3-fuel-gas pipe, 4-air pipe to gas burner, 5-fuel gas burner, 6-high pressure gas to be heated, 7-tube of preheated gas to turbo-expander, 8-chimney. where, Q pr.heat -required heat for gas preheating (kW),
 gas.heat -COP of gas heater, which can be assumed  gas.heat = 0.85, Q gas -gas combustion specific heat,
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855 assumed Q gas = 9.3 kWh/m 3 .
The required heat Q pr.heat (kW) needed for gas preheating, is determined by Eq. (3):
where, G g.spp -mass flow rate of gas being preheated (kg/s), c gas -specific heat of natural gas which equals to 2.22 kJ/(kg·°C) [6] , t g1 = 105 °C-temperature of preheated gas at the inlet of turbo-expander (°C), t g = 10 °C-temperature of the gas at the end of main gas transporting pipeline (°C). Solving together Eqs. (3) and (2) and making some simplifications, the following formula for determining the quantity of fuel gas B f.gas (m 3 /h) is obtained:
.
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The value of G g.spp (kg/s), can be determined by the formula as follows:
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where, v g.spp -annual gas consumption by one resident of urban district (m 3 /person per year) [3] , n pers -number of gas consumers in urban district,  gas = 0.7 kg/m 3 -density of natural gas.
The capacity factor is determined by dividing the actual output with the maximum possible output.
The capacity factor for gas supply distribution system, operating with base load regime is assumed ω = 0.9 [4] .
Taking into account that, annual gas consumption by 1 resident makes v g.spp = 470 m 3 /(person per year) [4] , for a medium city with n pers = 1,000,000 residents, the mass flow rate of gas G g.spp (kg/s), which passes through the turbo-expander and is totally supplied to the urban districts distribution network, calculated by Eq. (5) 
So, the quantity of fuel gas B f.gas = 251 m 3 /h, consumed for preheating of the gas with quantity G g.spp = 48,288 m 3 /h, supplied to the district's gas distribution network or to the cold store, makes only 0.52% of the whole gas, supplied to the network.
Quantity of Electric Energy Generated by the Set of Turbo-Expander and Electric Generator
The specific quantity of energy L (J/kg), produced in turbo-expander in consequence of adiabatic process of gas expansion is determined by Eq. (6) [8]:
where, Z = 1.04-compressibility factor of natural gas [8] , R-gas constant of natural gas (methane) equal to 518.3 J/(kg·°C) [9] , T 1 = (105 + 273) = 378 K-initial temperature of preheated gas at the inlet of turbo-expander, k = 1.31-adiabatic or isentropic exponent for methane equal to 1.31 [9] , P 1 and P 2 -pressures of the gas at the inlet and outlet of turbo-expander (kPa).
As can be seen from Eq. (6), the quantity of energy produced by turbo-expander depends mainly on expansion rate P 2 /P 1 . In developed gas distribution station, the expansion ratio of natural gas in turbo-expander makes: P 2 /P 1 = 300/2,000 = 0.15. According to Eq. (6) and above given thermo-physical data of natural gas, the produced specific energy L 
Taking into account that, the whole G g.spp = 9.56 kg/s gas is expanded in turbo-expander, the absolute value of electric power will make N = 9.56 × 238 = 2,275.3 kW.
Summarizing the results of above investigation, it is becoming clear that, the modified gas distribution station turns to an electric power plant with N = 2,275.3 kW, or 2.275 MW electric power. The annual production of electricity of this power plant makes 2,275.3 kW × 8,760 h = 19,931,628 kWh, which can be sold to the city electricity network utility company for 19,931,628 kWh × 0.09 $/kWh = 1,793,847 $/year (0.09 $/kWh-tariff of electricity for instance in Armenia). Should be taken into account that, if turbo-expander is charged in 50% of its power, its energy efficiency decreases in 18%-20%.
Structure and Operation of Cold Store Functioning with Gas Cooling Agent
Besides electricity generation, the modified gas distribution station can operate as well as a cold store. To realize of this purpose the cooled gas at temperature t c.g.1 = -25 °C is supplied from turbo-expander into air to gas heat exchanger installed inside the cold store [10] . Here, it takes heat from cold store air, which circulates through heat exchanger and is wormed from t c.g.1 = -25 °C to temperature t c.g.2 = -23 °C. At the same time, the cold store air at temperature t c.st.1 = -18 °C enters into heat exchanger and is cooled to t c.st.2 = -19 °C. The partially warmed gas moving from heat exchanger to low pressure distribution network at temperature t c.g.2 = -23 °C still is too cold to be supplied into district distribution network. For avoiding damages of gas network, a necessity of secondary heating of the low pressure gas, before supplying to urban gas distribution low pressure network arises. The simplified scheme of modified gas distribution station, equipped with gas turbo-expander, electric generator, primary and secondary gas heaters and cold store is represented in Fig. 4 .
The suggested cold store operates in the following way: the gas with temperature t g = 10 °C from high pressure gas transmission main pipeline (1) enters into primary gas heater (2) where is heated to t g.1 = 105 °C and by suction line is inhaled into turbo-expander (3) where is expanded adiabatically and is cooled to t c.g.1 = -25 °C. By pipe (5), the cooled gas enters into heat exchanger (7), installed in the cold store (6) [5] . As a result of heat absorption from stored food (8) , and all other heat gains the gas is warmed to t c.g.2 = -23 °C and by pipe (9) is directed to secondary gas heater (10) . In this heater, gas is secondary heated to admissible temperature t g = +5 °C which allows to escape damaging of gas distribution network. Passing the pressure controller (11) the low pressure gas is supplied to the main pipeline (12) of low pressure gas supply urban network. Fig. 4 Simplified scheme of modified gas distribution station equipped with gas turbo-expander, electric generator and cold store. 1-high pressure gas transmission main pipeline, 2-primary gas heater, 3-gas turbo-expander, 4-electric generator, 5-pipe of cooled gas, 6-thermoinsulated cold store, 7-air to gas heat exchanger, 8-stored food, 9-partially warmed gas pipeline, 10-gas secondary heater, 11-pressure controller, 12-main pipeline of low pressure gas distribution network.
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Reversal Method for Calculation and Design of Suggested Cold Store
In contrast to ordinary cold stores, the calculation and design of the suggested one is executed in opposite way. That is to say, for ordinary cold stores, the tonnage: construction, sizes, kinds and quantity of stored food and other characteristics of the cold store are given. Based on listed data, the values of heat gains, cooling demand and all characteristics of refrigeration equipment are determined. For considered cold store, only the cooling capacity in form of quantity of cooled gas and its temperature are available. In such conditions tonnage, construction sizes of the cold store and other characteristics have to be determined. The cooling capacity of suggested cold store Q c.st. (kW) can be determined by the following balance of heat flows:
where, Q av. -available cooling capacity of natural gas, cooled in turbo-expander (kW), Q h.g. -heat gains through external constructions of cold store (kW), Q int. -internal heat rejections from personnel, and electric and lighting equipment (kW), Q vent. -heat, transferred from ventilation air to cold store's internal air (kW).
The value of available cooling capacity of natural gas, cooled in turbo-expander, Q av. (kW), is determined by the expression as follows:
where, T c.g = -25 + 273 = 248 K-absolute temperature of cold gas at the outlet of turbo-expander. Therefore: (9) So, quantity of heat Q c.st. (kW), rejected from stored food, which actually is the cooling capacity of cold store is calculated by Eq. (10): 
where, 305-number of days of the year during of which the fresh food is supplied into cold store, B-rate of food's yearly turnover in cold store, assumed B = 5-6, 1/year [12] , m-rate of irregularity of daily supply of food, assumed m = 1.5-2.5. By the help of quantity of daily supplied food into cold store G f.spp = 4,475.5 ton, by Eq. (12) 
Conclusions
Replacement of throttling valve of conventional gas distribution station by adiabatic turbo-expander makes possible to generate large quantities of electric energy without consumption of fossil fuel.
As a result of adiabatic expansion, the gas is cooled up to -110 °C, which is not allowed to supplying into gas distribution network. In order to escape this flaw, the gas of transportation main pipeline before expansion in turbo-expander should be primary preheated up to 105 °C, which, after expansion in turbo-expander, is cooled up to -25 °C.
A cold store in the proximity of gas distribution station has to be constructed for using the cooled gas as a cooling agent. For avoiding freezing of stored goods, the temperature of gas at the outlet of turbo-expander should not be lower than -25 °C.
Supply of used cold gas from cold store's heat exchanger into the urban gas distribution network, requires secondary heating of gas from -23 °C to +5 °C which helps preserving the gas network from damages.
The modification of widely applied gas distribution stations to electric power plant and cold store, allows producing large quantities of electricity and to set up an extremely large cold.
Because of very little quantity of fuel-gas consumed by gas heaters the annual operational cost of suggested technology is little too.
The suggested method for reversal design of the cold store can be applied in other heating and cooling technologies.
